Productive methods for wheat in Missouri by Helm, C. A. (Charles Alton), 1889-1955
UNIVERSITY OF MISSOURI COLLEGE OF AGRICULTURE 
AGRICULTURAL EXPERI MENT STATION 
BU LLETI N 188 
PR0l)UC1~IVE ME1~H0l)S FOIZ 
WHEA1~ IN MISSOURI 
Fi ·:. I , SIHt \'r l ll ).{ t t' ndl' ll l'Y o f h;ud \\ hea t I •• l r~~l ~ · ·· K ;1111t•l 111 ttlllcl , I ' Httlt· :11 
1 1 ~ ht . Fult t a t h•f t ; ).:lttWII :II ~ ~~ ~~·y, dl t · , i'\ rul.t\\' .L)' t ' •tll lll ~·. lSt·t • p . t ~t i.) 
COLUMBIA, MISSOURI 
JULY, 1921 
UNIVERSITY OF MISSOURI 
COLLEGE OF AGRICULTURE 
Agricultural Experiment Station 
BOAltD OIC CONTROL 
THE CURA'l'ORS OF THE UNIVERSITY OF MISSOURI 
EXECUTIVE BOARD OF THE UNIVERSITY 
H. J. BLANTON, JOHN H. BRADLEY, JAS. E. GOODRICH., 
Paris Kennett Kansas City 
ADVISORY COUNCIL 
1'HE MISSOURI STATE BOARD OF AGRICULTURE 
OFI•'ICERS OF THE STATION 
A. ROSS HILL, PH. D., LL. D., PRESIDENT OF THE UNIVERSITY 
F. Jl. MUMFORD, M. S., DIRECTOR 
STATION STAFF 
AGRICULTURAL CHEMISTRY 
C. R. MOULTON, Ph. D. 
L. D. HAIGH, Ph. D. 
W. S. RITCHIE;, A. M. 
E. E. VANATTA, M. s.• 
R. M. SMITH, A. M. 
A. R. HALL, B. S. in Agr. 
E. G. SIEVEKING, B. S. in Agr. 
C. F. AHMANN, A. B. 
AGRICULTURAL ENGINEERING 
J. C. WOOLEY, B. S. 
MACK M. ]ONES, B. s. 
ANIMAL HUSBANDRY 
E. A. 'fROWBRIDGE, B. S. in Agr. 
L . A. WEAVER, B. S. in Agr. 
A. G. HoGAN, Ph. D. 
F. B. MUMFORD, M. S. 
D. \V. CHITTENDEN, B. S. in Agr. 
PAUL B. BERNARD, B. S. in Agr. 
A. T. EDINGER, B. S. in· Agr. 
H. D. Fox, B. S. in Agr. 
BOTANY 
W. J. RonniNS, Ph. D. 
E. F. HOPKINS, Ph. D. 
DAIRY HUSBANDRY 
A. C. RAGSDALE, B. S. in Agr. 
W. W. SwETT, A. M. 
WM. H. E. REID, A. M. 
SAMUEL BRODY, M. A. 
C. W. TURNER, B. S. in Agr. 
D. H. NELSON, B:-S. in Agr. 
ENTOMOLOGY 
LEONARD HAS£MAN, Ph. D. 
K. c. SULLIVAN, A. M. 
0. R. McBRIDE, B. S. in Agr. 
FIELD CROPS 
w. c. ETHERIDG£, Ph. D. 
C. A. HELM, A. M. 
L. J, STADLER, A. M. 
0 . W. LETSON, B. S . .in Agr. 
E . 0. POLLOCK, B. S. in Agr. 
B. B. BRANSTETT£R, B. S. in Agr. 
B. M. KING, B. S. in Agr. 
]ULY, 1921 
RURAL LIFE 
0. R. JoHNSON, A. M. 
S. D. GROMER, A. M. 
R. C. HALL, A. M. 
B. H. FRAME, B. S. in Agr. 
FbRESTRY 
FREDERICK DUNLAP, F. E . 
HORTICULTlTRF. 
v. R. GARDNER, M. s. A. 
H. F. MAJOR, B. s. 
H. D. HooKER, JR., Ph. D. 
J. T. RosA, J R., M. S. 
F. c. BRADFORD, M. s. 
H. G. SwARTwouT, B. S. · in Agr. 
POUT)l'RY HUSBANDRY 
H. L . KF.MPS'mr<, B. S. 
SOII,S 
M. F. MII.LER, M. s. A. 
H. H. KRUSEKOPF, A. M. 
W. A. ALBRECHT, Ph. D. 
F. L. DULEY, A. M. 
R. R. H uoEI,SON, A. M. 
WM. DEYOU NG, B. S. in Agr. 
H. V. JORDAN, B. S. in Agr. 
RICHARD BRADI'I EI.D, A. B. 
0. B. PRICE, B. S . in Agr. 
VETERINARY SCIENCE 
J. w. CONNAWAY, D. V. s., M. D. 
L. s. BACKUS, D. v. M. 
0. s. CRISU:R, D. V, M. 
A. J, DURANT, A. M. 
H. G. NEWMAN, A. M. 
ZOOLOGY 
GEORGE LEFEVRE, Ph. D. 
OTHER OFFICERS 
R. B. PRIC£, M. S., Trea.surer 
L£SLIE CowAN, B. S., Secretary 
SAM B. SlnRK£Y, Asst. to Dean 
A. A. JEFFREY, A. B., Agricultural Editor 
J . F. BARHAM, Photographer 
Mrss BERTHA HrTE, A. B.1 Seed Analyst 
1In service of U. S. Department of Agriculture. 
"'n leave of absence. 
Productive Methods for Wheat 
In Missouri 
C. A. HELM and L. J. STADLER 
Missouri is one of the leading wheat states. During the ten-year per-
iod 1910-1919 inclusive this State ranked fourth in the average produc-
tion of winter wheat and was exceeded only by Kansas, Nebraska and 
Illinois. The winter wheat crop in the leading states for these ten years 
is shown in Table 1. 
The average acreage of wheat in Missouri during the ten-year period 
was about one-third the acreage of corn and about twice the acreage of oats. 
During this period Missouri's average annual crop was about 36 million 
bushels, or about one-fifteenth of the total wheat crop of the United States. 
But the average acre-yield was only 14.3 bushels. 
Any Missouri farmer can easily and profitably increase the yield of 
his wheat crop by giving attention to a few simple essentials in produc-
tion. The use of the right variety, the use of fertilizers, the proper prep-
aration of the seedbed, treatment of the seed to control smuts, control of 
the Hessian fly-these important measures of production, simple and prac-
tical in the extreme, will invariably make a marked increase in the yield 
and the profit ·from the wheat crop. It is the purpose of this bulletin to 
discuss these measures, along with others of considerable importance also, 
to show evidence of their value and to tell how they may best be_ applied. 
VARIETIES OF WHEAT 
There are probably over a thousand differently named varieties of 
common wheat, though apparently many of these are practically the same 
except in name. The varieties of common wheat may be grouped in four 
main classes. 
1. Hard red spring wheat. 3. Soft red winter wheat. 
2. Hard red winter wheat. 4. Soft white winter wheat. 
Wheat of each of these classes is produced mainly in a restricted area, 
and is best adapted to a particular purpose. Hard red spring wheat is 
grown -chiefly in Minnesota, North and South Dakota, and Montana, where 
the winters are too severe for the production .of fall-sown wheat. It is 
rich in protein and yields a "strong" flour, that is, one that takes up water 
readily in baking and produces a comparatively large amount of bread 
of good texture. It is considered ideal for breadmaking. .The principal 
varieties are Preston, Bluestem, and Fife. 
Hard red winter wheat is grown principally in Kansas and Nebraska, 
where the climate is dry. It is also grown along the northern edge of the 
This work has been carried on under the direction of W. C. E;theridge, chairman of 
the Department of Field Crops. The writers are indebted to him for guidance in the 
preparation of this bulletin. 
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winter wheat belt in Iowa and southern Wisconsin, where the winters are 
too severe for the soft winter wheats. The varieties of hard red winter 
wheat are in general quite winter-hardy and drought-resistant. They pro-
duce grain similar to that of hard red spring wheat in character, contain-
ing a high percentage of protein and yielding a strong flour. The prin-
cipal varieties are Turkey and Kharkov. 
Soft red winter wheat is the principal type of winter wheat grown in 
Missouri and in the states east of the Mississippi River. Where the win-
ters are not too severe and the climate is not extremely dry this type of 
wheat will usually outyield hard winter wheat by a considerable margin. 
TABLE 1.-WrNTER WHEAT PRODUCTION IN THE LEADING WINTER WHEAT STATES. 
(Yields in thousands of bushels) 
1910 1911 1912 1913 1914 1915 
Kansas 64,480 51,030 91 ,450 86,515 176,300 105,938 
Nebraska 34,798 38,474 50,850 58,125 64,172 66,618 
Illinois 36,660 42,000 9,819 41,888 46,250 53,200 
Missouri 25,958 36,110 23,750 39,586 43,333 34,108 
Indiana 35,194 34,354 10,080 39,775 43,239 45 ,580 
Ohio 34,425 36,240 9,760 35,100 36.538 40,194 
Oklahoma 25,542 8,976 20,096 17,500 47,975 38,860 
(continued) 1916. 1917 1918 1919 Average 
Kansas 97,560 45,299 101,760 150,722 97,105 
Nebraska 64,800 7,164 33,478 54,997 47,348 
Illinois 16,225 29,600 55,900 57,800 38,934 
Missouri 16,575 28,917 52,873 57,699 35,891 
Indiana 19,440 33,392 49,266 45,792 35,611 
Ohio 20,250 41,140 43,225 53,480 35,035 
Oklahoma 29,585 35,650 32,899 52,640 30,972 
It contains less protein than either hard winter wheat or hard spring 
wheat, and does not produce as strong a flour. For this reason bakers 
do not consider flour produced from soft red winter wheat as desirable for 
bread making as that produced from hard red winter wheat. The weaker 
flours are preferred, however, for other products, such as crackers and 
pastry. There is a very large number of varieties of soft red winter wheat, 
the most prominent being Fultz and Fulcaster. 
Soft white winter wheat is grown principally in the Atlantic Seaboard 
states. In many of the eastern states soft white wheats will outyield soft 
red wheats, but they are discriminated against because of the poor quality 
of flour they produce. The white wheats are very low in protein and 
yield a weak flour considered very undesirable for bread making, though 
quite satisfactory for the manufacture of pastry and whole wheat foods. 
The leading varieties are Dawson's Golden Chaff and Gold Coin. 
The varieties included within each of the groups above described vary 
widely in appearance. For example, varieties of the soft red winter group 
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may be bearded or beardless, and may have brown chaff or white chaff, 
purple straw or white straw, smooth chaff or velvet chaff. In general, 
however, the varieties of each group are quite similar in their adaptation 
and in their value for given conditions, as compared with the varieties of 
the other groups, though of course there is some variati on in the value 
of different varieties of the same group. For example, the adaptation of 
the variety Rochester Red, a soft red winter wheat, is similar to that of 
other varieties of soft red winter wheat which may be very different in 
appearance, but is quite different from that of Gold Coin, which is simi-
lar to Rochester Red in appearance, but has a white instead of a red grain. 
In determining the variety of wheat to grow it is important to choose the 
best adapted type, and then if possible to choose within that type the var-
iety most productive under the conditions encountered. 
SPRING WHEAT AND WINTER WHEAT IN MIS•SOURI 
There is no sharp line between the winter wheat and the spring wheat 
region, and over a considerable territory both kinds of wheat are grown, 
frequently on the same farms. In this area the production of winter wheat 
is limited by the severity of the winter, 1while the production of spring 
wheat· is limited by the shortness of the period from spring sowing to the 
beginning of hot weather. Wherever both winter wheat and spring wheat 
can be grown successfully, winter wheat gives the highest yields, because 
it matures earlier, tints escaping in some measure damage from drought, 
rust, and chinch bugs, and because it has a longer period for growth. W in-
ter wheat is also preferred because it permits a better distribution of 
labor. The winter wheat area has therefore been pushed steadily north-
ward in the last fifty years, as hardier varieties of winter wheat were in-
troduced, until now winter wheat is grown successfully in Michigan, Wis-
consin, and Minnesota. 
Some spring wheat is grown in Missouri every year, particularly along 
the northern border of the state, and there is widespread interest in the 
possibilities of the crop after every severe winter. The usual season in 
Missouri is extremely unfavorable to spring wheat, though occasionally 
favorable seasons occur. Such seasons are usually favorable also to win-
t er wheat, unless winter injury has been exceptionally severe, and there-
fore do not affect greatly the relative value of the two crops. The com-
parative yields of Marquis and Fulcaster, typical varieties of spring wheat 
and winter wheat respectively, in various parts of the state are shown in 
Table 2. 
TABLE2.-Yn;;r,ns OF SPRING WHJt.A'r AND WINTER WHJt.A'r IN MISSOURI. 
(In bushels per acre) 
Yields 
- · 
Location of test Section Duration Seasons Spring Wheat Winter Wheat 
years (Marquis) (Fulcaster) 
Maryville Northwest 2 1919·20 19.1 30.5 
Warrensburg West·Central 1 1920 1.2 14.1 
Columbia Central 3 1918-20 9.7 24.2 
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The yield of the winter wheat variety was decidedly greater than that 
of the spring wheat variety in every trial, and in most cases was more 
than twice as great. Even in 1920, a season exceptionally favorable to 
spring wheat at Maryville, winter wheat outyielded spring wheat by a sub-
stantial margin. 
When the fall-sown wheat crop is winterkilled, spring wheat is some-
times sown in its place. Ordinarily it will pay better to use this land for 
oats or corn. The comparative yields of Marquis spring wheat, Kherson 
spring oats, Manchuria spring barley, and Prolific spring rye, in compar-
ative tests at various points in the state are shown in Table 3. 
The yields of oats are far above the yields of any other spring-sown 
grain, and the yields of spring wheat are the lowest of all. Obviously 
spring. wheat is not a valuable crop for Missouri. Even the practice of re-
seeding small winterkilled patches of winter wheat with spring wheat is 
TABLE 3.-YI!lLDS OF SPRING-SOWN WHF,A1', OATS, BARUY, AND RYE IN MIS-
SOURI. 
(In bushels per acre) 
Yields 
Location of Section Duration Seasons Wheat Oats Barley Rye 
test years (Marquis) (Kher· (Manchu· (Profi-
son) ria) fie) 
Maryville Northwest 2 1919-20 19.1 53.0 30.7 
Kirksville N orth·Central 1 1920 16.2 44.6 20.9 
Warrensburg West-Central 1 1920 1.2 18.9 5.5 
Columbia Central 3 1918-20 9.7 40.0 25.2 13.7 
of doubtful value. The spring wheat will mature a week or ten days later 
than the winter wheat, and if harvesting is delayed until it ripens much of 
the winter wheat will be lodged and shattered, while if the crop is har-
vested at the mo£t favorable time for the winter wheat the spring wheat 
will be immature. 
HARD WINTER WHEAT AND SOFT WINTER WHEAT 
IN MISSOURI 
Although by far the greater portion of the wheat grown in Missouri 
is of the soft red winter type, a few farmers, particularly in the north-
western part of the state, grow varieties of the hard red winter group". 
The reasons for growing hard red winter wheat in preference to soft red 
winter wheat are (1) the superior quality of its grain, (2) its superior win-
ter-hardiness, and (3) its superior drought-resistance. Under typical Mis-
souri conditions, however, hard wheat does not produce grain of superior 
quality. The proportion of soft grains or "yellow berries," rapidly in-
creases, and the protein content decreases to about the same level as 
that of soft red winter wheat. In some seasons, in fact, the hard wheat 
varieties produce grain which contains less protein than the typical soft 
wheat varieties. For example,_ in a variety test at Columbia in 1920, the 
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crude protein content of three typical hard wheat varieties, Turkey, Khar-
kov, and Kanred, was 12.94, .11.30, and 11.30 respectively, while the 
crude protein content of three typical soft wheat varieties, Mediterranean, 
Fulcaster, and Poole, was 14.90, 14.35, and 14.79 respectively. The Turkey 
wheat, which was nearest the soft wheat in protein content, had been 
grown in Missouri several years, while the Kharkov and Kanred varieties 
had been obtained directly from Kansas for seeding the preceding fall. 
Most of the hard wheat produced in Missouri is mixed with soft wheat at 
the country elevator, and is graded on the market as mixed wheat with 
some resulting loss in price. Even the hard wheat that reaches the mar-
ket pure, and grades as hard red winter, sells on the average at about the 
same price as soft red winter in this state. The comparative price of these 
two classes on Missouri markets varies with the season. During the pres-
ent season (1920-21) soft red winter wheat has sold at a considerable 
premium over hard red winter wheat. It is not worth while, therefore, 
to grow hard wheat in this state unless it actually outyields soft wheat in 
the average of a series of representative seasons. 
As drought resistance is seldom of great importance in determining 
the yield of wheat in Missouri, the principal factor which determines the 
relative yield of hard and soft wheat in this state in any one season is the 
severity of the winter. When the winter is very severe, hard wheat gives 
higher yields than soft wheat. In 1016-17, for instance, when severe winter 
injury was very general, hard wheat outyiclded soft wheat ncariy every-
where the two kinds were tested. In 1920, also, hard wheat gave 
better yields than soft wheat in some sections. In the average of a series 
of seasons, however, the soft winter wheat varieties give higher yields 
than the hard winter wheat varieties in most sections. An important dis-
advantage of the hard wheat varieties is their marked tendency to lodge 
in wet seasons and on the richer soils. EFig. 1.) For this reason they 
should never be grown on bottomlands, or on the better upland soils. The 
comparative yields of Fulcaster, a typical variety of soft wheat, and Turkey, 
a typical variety of hard wheat, on outlying experiment fields in different 
parts of the state, are shown in Table 4. 
TARLE 4.-YIELDS oF HARD RED WINTER AND SoFT REn WrNTER WHEAT IN 
MISSOURI. 
(In bushels per acre) 
Yield 
Location of test Section Duration Seasons Hard red Soft red 
years winter winter 
(Turkey) (Fulcaster) 
Maryville Northwest 7 1914-20 2.1.5 17.5 
Lewistown N·ortheast 3 1911, 13, 14 10.5 12.8 
Shelbina Northeast 4 1913-16 11.1 14.4 
Warrensburg West-Central 7 1914-20 13.5 14.2 
Columbia Central 10 1905-14 19.5 24.8 
St. Charles East-Central · 4 1912-14, 16 23.7 28.1 
Carthage Southwest 4 1910-13 12.0 16.1 
.. 
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In all sections of the state except the northwestern, the soft wheat va-
riety outyielded the hard wheat variety by a distinct margin. Even in 
northwestern Missouri, where Turkey wheat outyielded Fulcaster, the 
yield of Poole, another variety of soft winter wheat, was equal to that 
of the hard wheat. In that section the best varieties of hard wheat and 
of soft wheat may be expected to give about equal yields through a series 
of years, but ?Oft wheat seems preferable because it does not lodge as 
readily as hard wheat. In other sections of the state soft wheat is un-
questionably superior in yield to hard wheat .. 
As between soft red winter wheat and soft white winter wheat, there 
is no question of the greater value of the red winter varieties for Missouri. 
Several varieties of white winter wheat were included in the tests at Co-
lumbia, but no one of them gave yields high enough to warrant its trial 
on the outlying experiment fields. TI:J.e varieties of wheat most produc-
tive in Missouri are of th,e soft red winter group. 
VARIETY TESTS OF WINTER WHEAT 
In determining the adaptation of the varieties of winter wheat in Mis-
souri all promising varieties available were tested in a preliminary way at 
Columbia, and the most promising of these were tested on outlying ex-
periment fields in representative sections of the state. 
The variety tests at Columbia were begun in 1905 and continued until 
1917. During this time over 200 varieties were tried. Of these only about 
30 were considered worthy of extensive trial on the outlying experiment 
fields. The names of these varieties, and the years in which they were 
tested on outlying experiment fields, are marked by stars in Table 5. 
In the tests at Columbia the varieties were usually grown in drill-
width plots about 100 feet long, with check plots of Fultz wheat in every 
third or fourth plot. The yields were adjusted by means of the yields of 
these check plots, to reduce the variation caused by irregularities of the 
soil. In later years, the plots of each variety were usually repeated one 
or more times, for the same reason. The yield of threshed grain of each 
variety was weighed and computed to bushels per acre on the basis of 
60 pounds per bushel. In the tests on outlying fields the methods fol-
lowed were similar, but larger .Plots and more repetitions were used, and 
yields were not .adjusted on the basis of check plot yields. 
VARIETY TESTS AT COLUMBIA 
The soil on which the variety tests at Columbia were conducted is a 
gently rolling Putnam silt loam, fairly representative of the upland soils 
of northeastern and central Missouri. The plots received no commercial 
fertilizer but crops were rotated regularly and the soil is fairly produc-
tive. The yields of the leading varieties in this test are shown in Table 6. 
Not all of the varieties were tested in every season. In comparing 
two varieties, the average yields compared should represent the same sea-
so"ns. The average yields of these varieties for four different groups of 
seasons have therefore been determined, and are shown in Table 7. In 
this table all of the average yields in the same column represent the same 
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T ABI.E 5.-V ARIETIF.s TrtsTF.D oN Ou·rLYING Fmr.os. 
Variety 
Beechwood Hybrid 
Dietz 
Early May 
Early Ripe 
Early Ripe No. 29 
Fulcaster 
Fulcaster No. 15 
Fultz 
Harvest King 
Harvest Queen 
Hickman 
Jones Longherry 
Jones Red Wave 
Lebanon 
Lebanon No. 20 
Lehigh 
Mealy 
Mediterranean 
Michigan Amber 
Michigan Wonder 
Niagara 
Nigger 
Poole 
Poole B-3 
Poole B-15 
Red Cross 
Red Prolific 
Rudy 
Turkey 
Turkey No. 24 
Tuscan Island 
Valley 
1910 1911 1912 1913 1914 
* 
* 
9 
1915 191& 
series of seasons and may be directly compared. In comparing any two 
varieties, the basis of comparison should be the longest series of seasons in 
which both varieties were in the test. 
Of the nine varieties·which were in the te st for the full 12-ycar period, 
the leading varieties are Fulcaster and Beechwood Hybrid. Of the va-
rieties in the test for a shorter period of time, the only one which ex-
celled these two varieties in yield is Michigan Wonder, which is the lead-
ing variety by a good margin in the eight years in which it was tested. 
It is worthy of note that Turkey, a typical v,ariety of hard red winter wheat, 
and Fultz, a widely grown variety of soft red winter wheat, gave in-
ferior res.ults in this test. 
VARIETY TESTS IN NORTHERN MISSOURI 
In the northern third of Missouri wheat is not grown as extensively 
as in the central or southern section of the state. But the northern third 
is well suited to wheat culture, and good yields are obtained particularly 
in the northwestern section. The winters are somewhat more severe than 
...... 
0 
~ 
TABr.E 6.-YIEr.ns oF WINTER WHEAT VARIETIES AT Cor.uMBIA. >-< (fJ (fJ 
(In bushels per acre) 0 
c::: 
::0 
Variety· 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1916 1917 >-< 
>-
Beechwood Hybrid 
C) 
25.2 14.0 19.6 19.4 28.4 26.1 27.8 30.7 21.7 30.8 17.1 29.7 ::0 
H 
Early Ripe 12.4 19.8 17.6 15.4 25 .7 24.1 22.5 29.4 .19.8 28.8 17.6 18.0 () 
Early Red Clawson 13.1 18.2 15.4 10.6 21.8 28.8 22.3 22.6 18.2 31.7 16.4 23.8 c::: t"' 
Fulcaster 24.6 23.7 17.2 16.6 28.1 16.2 30.8 36.7 23.4 30.3 19.3 26.1 ..., 
Hickman 25.8 12.5 18.1 12.3 33.2 26.5 30.3 17.6 17.5 27 .4 15.8 21.6 c::: ::0 
J,ebanon 22.5 12.0 18.4 13.8 31.1 ·25.5 24.6 23.2 17.2 27.8 14.1 21.6 > t"' Michigan Amber 16.7 19.2 19.8 14.1 32.3 18.2 24.3 23.0 19.6 29.9 18.5 19.3 
Poole 26.1 16.6 12.7 12.5 32.0 20.2 18.9 38.2 20.9 31.8 17.3 23 .8 trl 
Rochester Red 25.1 21.4 15.5 10.6 22.6 23.5 21.9 34.0 27.4 28.3 12.8 22.0 · X ., 
Fultz 14.4 18.1 17.4 11.8 13.6 21.1 23.1 26.7 17.6 24.6 . . . . . .. . l?l ::0 
Grains o' Gold 15.2 14.4 16.2 13.2 25.6 19.6 23 .2 20.9 17.0 27.1 . . . . . . .. ..... ~ Mealy 17.2 22.1 22.2 11.9 32.6 18.7 11.1 13.4 . ... 29.6 13.1 21.1 l?l 
Kigger 15.7 11.7 18.9 15.3 20.0 33.8 31.0 22.9 .... 23.4 . . .. . ... z 
Turkey 17.3 16.4 8.9 8.4 19.6 31.1 25.5 21.4 22.8 23.5 
..., 
.. .. . ... 
Defiance .... . ... 15.2 . ... 19.3 22.6 22.8 29.3 23.8 27 .7 13.9 26.5 [fJ ..., 
Harvest Queen .... . ... 15.5 11.1 18.9 19.2 26.0 25 .0 18.3 27.9 19.0 30.6 > 
Harvest King 18.2 24.5 20.3 22.4 27.9 20.5 32.3 17.0 18.4 
..., 
.... . ... . ... H 
Jones' Red Wave 28.7 21.5 28.9 21.1 21.6 27.4 12.9 22.9 0 .... . ... . ... . ... z Michigan Wonder .... . ... . ... . ... 38.8 31.6 29.2 30.2 20.5 30.3 16.3 23.4 
Mediterranean 12.4 .. .. 25.0 .... 25.9 25 .2 22.7 25.5 15.5 28.4 18.8 23.8 to 
c::: Valley 14.3 .... 22.0 12.2 27.6 31.6 28.1 12.7 31.0 32.2 16.0 20.7 t"' 
Dietz 16.2 15.3 19.7 21.4 . 29.4 20.0 23.8 16.9 35.1 18.9 20.9 t"' .... l?l 
Rudy .... . ... 20.2 . ... . . .. 21.4· 27.7 .18.6 33.8 32.1 14.8 20.9 ..., H 
Reliable . 
···-
. . . . 22.4 . ... 32.8 25.4 25.4 16.0 32.1 32.5 17.9 26.1 z 
...... 
00 
00 
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in central Missouri, and the percentage of winter wheat acreage abandoned 
in the spring is usually somewhat higher after severe winters than in 
central Missouri. During the six seasons, Hll4-1919 inclusive, the average 
percentage of wheat acreage abandoned, according to the reports of the 
State Board of Agriculture, was 12.0 percent in the northern third of 
the state; 7.6 in the central third, and 7.4 percent in the southern third. 
The soils of northwestern Missouri are highly productive; while those of 
north central and northeastern Missouri are in general less fertile. In 
north central Missouri most of the land is roll ing and the proportion of 
it used for cultivated crops is reduced on this .account. East of the Chari-
TABLE 7.-Avr>RAGE Ymr.ns oF WrNTilR Wrn:A-r VAIUI\'Ins A'l' Cor.UMBIA. 
(In bushels per acre) 
Variety 12 ,.cars 
05-14, 16, 17 
Average Yields 
9 year~ 
05-12, 14 
8 years 
09-14, 16, 17 I 7 years 10·1 4, Hi, 17 
------------
---- --------- ----
-------
R''P-chwood Hybrid 
~·:arly Ripe 
Early Red Clawson 
Fulcaster 
Hickman 
Lebanon 
Michigan Amber 
Poole 
Rochester Ued 
Fultz 
Grains o' Gold 
Mealy 
Nigger 
Turkey 
Defiance 
Harvest Queen 
Harvest King 
J ones' Red Wave 
Midtignn Wonde1· 
Met!lterranean 
Valley 
Dietz 
Rudy 
Reliable 
24.2 24 .7 
20.9 21.7 
20.2 20.5 
24.4 23.9 
2J.6 22.6 
21.0 22.1 
21.2 21.9 
22.6 2.1.2 
22.1 22.5 
18.0 
19.5 
19.9 
21.5 
21.7 
26.4 25.4 
23.2 22.2 
23.2 22.4 
26.4 25.0 
23.5 21.9 
23. 1 21.6 
23.1 21 .8 
25.4 23.0 
24.1 23.2 
2.1.2 22.7 
2.1.1 22.7 
22.9 22.1 
23.1 
27.5 
23.2 23.1 
22.2 21.6 
23.1 
23.7 
24.7 
ton river the land becomes very level and drainage is rather poor. Th e 
wheat acreage is relatively small in the northern secti~n, except along 
its southern border, principally in Pike, Carroll, and Platte counties. 
In the northern third, variety tests of wheat have been conducted on 
three outlying experiment fields, at Maryville, in the northwest, and at 
Lewistown and Shelbina in the northeas.t. The results of the tests at 
Maryville are shown in Table 8. 
The leading varieties at Maryville during the first three years of the 
test, when a large number of varieties were included, were Jones' ReG! 
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Wave, Dietz, Poole, and Harvest King. The yield of Turkey in 1920, a 
season very favorable to hard wheat varieties, brings its four-year average 
to practically the same level as that of Poole, although its yield in the 
other three seasons that these varieties were tested is distinctly lower. 
During the five seasons in which variety tests were conducted at Mary-
ville, the best varieties of hard wheat outyielcled the best varieties of soft 
wheat in only one. On the whole, Poole is to be preferred to Turkey, on 
their showing in this variety test, though it is possible that tests conduct-
ed through a longer period of years might show an advantage in yield 
for the hare! wheat. Hard wheat should never be grown in this sec-
TABLE 8 .-YrELDS oF WINTER WHEAT VARIETIES AT MARYVILLE, NoDAWAY 
CouNTY. 
(In bushels per acre) 
Annual Yields A veracie Yields 
I I I 
. 
Variety !914 1915 1911'> 1919 1920 4 yrs. 4 yrs. 13 vr• 14-16,20 14-16,19 14-16 
Fulc,.-;ter 14.5 26.3 30.8 24.0 37.0 27.2 23 .9 23.9 
Fultz 16.3 28.8 35.7 35.0 29.0 26.9 
Poole 26.2 31.8 33.9 34.9 31.7 30.6 
Turkey 23.6 29.6 24 .6 48.4 31.6 25.9 
Michigan W on der 1.3.9 29.1 42.1 21.5 26.7 28.4 
Dietz 27 .2 33.1 33.9 31.4 
Early Ripe 20.3 27.5 32.1 26.6 
Beechwood Hybrid 23 .6 24 .7 33.9 27.4 
Fulcaster No. 15 20.9 28.5 36.4 28.6 
Harvest King 23.4 30.9 37.2 30.5 
Jones' Red Wave 19.4 34.7 41.4 31.8 
Mealy 12.1 40 .1 21.0 24.4 
Mediterranean 21.5 31.3 34.3 29.il 
Poole B-3 20.1 29.8 24.3 24.7 
Rudy 25. 7 33.3 27.7 28.9 
Early Ripe No. 29 25 .0 34.2 
Harvest Queen 34.6 22 .1 
Lebanon 25.1 36.4 
Michigan Amber 35.6 23.2 
Kanred 24 .0 49.1 
Red Cross 21.2 
tion on the bottomlands and the better uplands, because of its marked 
tendency to lodge. On such-land a crop of hard wheat will be extremely 
difficult to harv.est in sc:;asons which cause excessive lodging. Much of 
the crop may be left on the ground, and consequently the yield in actual 
practice may be much smaller than those from our experimental plots, 
which on account of their small size could be harvested in spite of lodg-
ing. -On the thinner uplands hard wheat may give as good results 
as soft wheat in the average of a series of seasons, though soft wheat is 
more desirable even in this case for the sake of uniformity in the product 
of the section. The best varieties of soft wheat are Poole, Dietz, Jones' 
Red Wave, and Harvest King. 
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The results of the variety tests at Lewistown are shown in Table 
9, and those of variety tests at Shelbina in Table 10. 
The test at Lewistown is of little value in indicating the comparative 
value of varieties, because of the low yields obtained and the slight dif-
ferences between varieties. The leading variety in this test was Fulcaster. 
Hard wheat, as typified by Turkey, gave yields distinctly lower than those 
of the better varieties of soft wheat. 
In the variety tests at Shelbina the leading varieties were Rudy, Poole, 
and Dietz. The differences between varieties of soft wheat were slight. 
TABI.E 9.-Yu;LDS ort WINn:R WHI,A'r VARm'rrr.s AT LEwrs•rowN, L~:wrs CouNTY. 
(In bushels per acre) 
Variety 1911 1912 1913 1914 4 yrs. 3 yrs. 3 yrs. 3 yrs
. 
11·14 11 ·13 11,13,14 12,13,14 
, ________
 
Early Ripe 9.8 2.4 18.1 5.4 8.9 10.1 II.! 8.
6 
Fultz 12.1 .7 ! (,.! 4.6 8.4 9.6 10.9 7.1 
Hickman 9.8 2.0 18.8 5.2 9.0 10.2 11.3 8.
7 
Lehigh 12.1 1.9 17.0 10.3 
Mealy 11.3 .3 19.9 10.5 
Michigan Amber 12.1 2.3 17.5 10.6 
Fulcaster 13.6 15.5 9.3 12.8 
Turkey 9.8 17.5 4.3 10.5 
Dietz .9 18.4 6.3 8.5 
Mediterranean 2.1 16.9 7.7 8.9 
Niagara 12.1 .9 
Tuscan Island 10.5 .9 
Turkey No. 24 1.2 15.0 
Early Rip~ No. 29 17.6 5.8 
Fulcaster No. IS 17.3 6.8 
Poole 17.4 6.R 
Harvest King 1.9 
Jones' Red Wave 4.1 
Lebanon No. 20 4.8 
Michigan Wonder 5.5 
Red Cross 6 . .1 
Rudy 7.3 
All of the varieties of soft wheat tested out-yielded Turkey by a con-
siderable margin. In the variety test at this point Turkey gave the low-
est yields in each of the four seasons. 
The leading varieties of wheat for the northern third of Missouri are 
Poole and Dietz. These varieties were among the leaders in the tests at 
· Maryville and Shelbina, and gave good yields in the seasons in which 
they· were included in the test at Lewistown. Poole, a beardless, brown-
chaced variety of soft red winter wheat, is now widely grown in this sec-
tion, and its use should be further increased. Varieties of hard wheat gave 
very good results at Maryville in one particularly favorable season, but 
on the whole are not to be considered equal in value to the better yielding 
varieties of soft red winter wheat for this section. In northeastern Mis-
souri hard wheat gave distinctly inf~rior yields. 
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VARIETY TESTS IN CENTRAL MISSOURI 
Central Missouri is th; principal wheat producing section of the state. 
The wheat acreage is extensive in all of the counties of the region bor-
dering on the Missouri and Mississippi rivers. A wide diversity of soils 
is included in this region. Those of the western half are principally dark 
fertile soils similar to those of northwestern Missouri. In the eastern 
half of the region the soil bordering the Missouri River is in the main a 
fairly productive yellow and gray silt loam, with an extension of the level 
prairies of northeastern Missouri to the north, and of the Ozark soils to 
the south. 
TABLE 10.-YIELVS oF WINTER WHEAT VARIE'CIBs AT SHELBINA, SHELBY CouNTY. 
(In bushels per acre) 
Varieties 
Beechwood Hybrid. 
Dietz 
E;arly Ripe 
E;arly Ripe No. 29 
Fulcaster 
Fulcaster . No. IS 
Fultz 
Harvest King 
Hickman 
Jones' Red Wave 
Lebanon 
Lebanon No. 20 
Mediterranean 
Michigan Wonder 
Poole 
Poole B-3 
Red Cross 
Rudy 
Turkey 
Early May 
Harvest Queen 
1913 
14.2 
14.0 
13.0 
14.7 
14.6 
14.9 
15.3 
!3.4 
12.9 
16.1 
13.9 
13.4 
13.9 
14.5 
14.7 
14.5 
13.8 
15.0 
11.3 
11.4 
!914 
28.3 
29.4 
28.9 
30.2 
30.2 
26.0 
26.0 
24.8 
31.4 
31.3 
28.9 
30.2 
30.7 
29.6 
29.3 
29.9 
27.9 
33.6 
23.2 
!915 
11.0 
15.4 
12.7 
11.0 
11.0 
10.5 
10.8 
9.4 
13.5 
10.1 
11.7 
10.2 
11.6 
13.5 
14.4 
11.3 
14.5 
12.4 
8.4 
11.2 
1916 
2.7 
2.6 
1.6 
3.0 
1.9 
2.6 
2.3 
2.3 
2.0 
2.3 
1.3 
2.1 
2. 1 
1.9 
3.3 
2.2 
2.0 
2.3 
1.4 
2.0 
Average Yields 
4 yrs. 13-16 
14.0 
15.4 
14.0 
14.7 
14.4 
13.5 
13.6 
12.5 
14.9 
14.9 
14.0 
14.0 
14.6 
14.9 
15.4 
14.5 
14.5 
15.8 
11.1 
In this section of the state variety tests were conducted at War-
rensburg in the west, at Columbia in the central portion and at St. Charles 
in the east. The results of the tests at Warrensburg are shown in Table 
11. 
In this test the leading variety was Fulcaster, during the six years in 
which it was tested. The yields of Dietz, Harvest King, Jones' .Red Wave· 
and Michigan Wonder exceeded that of Fulcaster during the four years 
in which they were included in the test, but their yields were in turn 
exceeded by that of a pure line selection of Fulcaster, known as Ft11-
caster Number 15. The yield of Turkey wheat was distinctly inferior 
to the yields of tl)e better varieties of soft wheat, although it is worthy of 
nQte that in 1917, a season in which there was considerable winter in-
jury, Turkey was the leading variety,. 
Variety 
Fultz 
Poole 
Mediterraoean 
Rudy 
Fulcaster 
Beechwood 
Dietz 
Early Ripe 
Harvest King 
Harvest Queen 
Jones' · Red Wave 
Michigao Amber 
Michigan Wonder 
1'urkey 
IiuJcaster N o. 15 
Kanred 
Fulcaster No. 39 
Klondike 
Niagara 
TABLE 11.- Y!ELDS oF WINTER WHEAT VARIETIES AT WARRENS BURG, JoHNSON CouNTY. 
(In bushels per acre) 
· Average Yields 
1914 1915 1916 1917 1918 1919 1920. 7 yrs. 16 yrs. 16 yrs. 15 yrs. 
14-20 14-19 15-20 14-18 
• - - -
--- - --
27.1 19.5 22.7 14.1 12.5 13.6 13.5 17.6 18.3 16.0 19.2 
31.3 17,6 18.4 14.1 16.0 16.9 -12.6 18.1 19.1 15.9 19.5 
25.7 22.1 17.7 13.5 15 .3 14.4 .. .. . . . . 18.1 . . .. 18.9 
22.7 24.0 19.5 16.0 11.2 13.2 .... . ... 17. 8 . .. . 18.7 
. . .. 18.9 17.9 14.1 18.1 16.3 14.4 . . . . . .. . 16.6 . . .. 
31.7 20.6 19.0 11.1 17.4 .. .. . . .. . . .. . .. . . ... 20.0 
28.1 21.2 26 .2 14.4 15.3 .... . ... . ... . ... . ... 21.0 
27.7 18.5 18.2 14.1 15.3 .... . ... . . .. . .. . . . . . 18.8 
30.7 20.3 20.8 13.4 18.8 .. . . .. .. . . . . . .. . . .. . 20.8 
30.2 17.8 17.7 16.0 18.8 . ... . . . . . .. . . . . . . . . . 20.1 . 
33.0 19.6 17.3 17.2 24.4 .. .. .... . . . . . . .. . ... 22.3 
32.4 23.5 18.2 13.5 19.5 .... . ... . .. . . ... . .. . 21.4 
26.5 20.9 19.5 16.3 21.6 .... . . . . . . . . . .. . . ... 21.0 
24.0 17.7 14.9 18.9 18.8 . . .. . ... . . . . . .. . .. .. 18.9 
.... 25.4 20.5 16.0 20.9 . . .. . . .. . ... . .. . . .. . . .. . 
·-···· 
.... .. . . . ... . ... 10.8 13.1 
22.2 
19.7 
27.0 
14 yrs. 
! 5-18 
17.2 
16.5 
17.2 
17.7 
17.3 
17.0 
19.3 
16.5 
18.3 
17.6 
19.6 
18.7 
19.6 
17.i"i 
20.7 
'l:J 
1:0 
0 
0 
c: 
(") 
,.., 
H 
< 
P1 
~ 
P1 ,.., 
::r: § 
Ul 
.,., 
0 
1:0 
~ 
::r: 
M 
> 
>-3 
H 
z 
~ 
H 
Ul 
Ul 
0 
~ 
1:0 
H 
...... 
<.n 
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The variety test at Columbia has already been reviewed. In this 
test the leading varieties were Michigan \Vonder, Fulcaster, and Beech-
wood Hybrid. In this test also the average yield of Turkey was in-
ferior. 
The results of the variety tests at St. Charles are shown in Table 
12. The highest yielding varieties were again Fulcaster and the pure line 
selection Fulcaster Number 15. Michigan Wonder and Rudy also gave 
good yields. 
For central Missouri the leading varieties are Michigan Wonder and 
Fulcaster. Fulcaster Number 15, a pure line selection, gave yields a little 
TABLE 12.-YIELDS OF WINTER WHEAT VARIETIES AT ST. CHARLES, ST. CHARLES 
· CouNTY. 
(In bushels per acre) 
Variety 1912 1913 1914 1916 Average Yields 
4 yrs. 12-14, 16 
Early Ripe 16.5 34.2 23.0 30.3 26.0 
Early Ripe No. 29 18.9 31.8 20.9 27.6 24.8 
Fulcaster 23.3 34.5 21.4 33.3 28.1 
Fulcaster No. 15 26.9 33.9 20.9 34.7 29.1 
Fultz 19.9 33.3 13.3 26.0 23.1 
Hickman 16.3 32.4 24.1 31.3 26.0 
Mealy 14.8 42.7 17.3 25.6 25.1 
Mediterranean 15.9 29.9 17.0 28.0 22.7 
Michigan Wonder 19.9 34.8 21.4 32.1 27.0 
Poole 15 .7 36.6 20.4 31.7 26.1 
Rudy 15.9 35.4 26.1 33.3 27.7 
Turkey 31.2 26.8 11.9 25.0 23.7 
Turkey No. 24 29.0 29.7 14.6 27.2 25.1 
Valley 15.8 33 .5 19.8 33.3 25.6 
Poole B-15 21.6 33.8 
Dietz 16.4 30.1 
Beechwood Hybrid 26.6 
Harvest King 20.4 
Jones' Red Wave 21.0 
Lebanon 23.0 
Poole B-3 28.0 
higher than those of the variety from which it was selected. Of the 
varieties recommended Fulcaster is a bearded white-chaffed variety and 
Michigan Wonder is a beardless red-chaffed variety. 
VARIETY TESTS IN SOUTHERN MISSOURI 
In the southern third of Missouri there are considerable areas well 
suited to wheat culture. Wheat is produced extensively in the south-
western corner of the state, particularly in Jasper and Lawrence counties, 
and in. the southeastern section in several of the counties bordering the 
Mississippi River. The principal soils on which wheat is produced in this 
section, both in the southwestern and southeastern portions, are the Ozark 
border soils which are fairly productive brown or red soils often con-
PRODUCTIVE METHODS FOR \ V r-IEAT IN MISSOURI 1; 
taining a considerable percentage of gravel. They are usually rather roll-
ing. In addition considerable wheat is grown on some of the lowland 
soils of southeastern Missouri, in Scott, Mississippi, and Stoddard coun-
ties. 
In southern Missouri variety tests were conducted at Carthage, in 
the southwestern section, and at Cuba in the O zark section. The re-
sults of the variety tests at Carthage are shown in T able 13. 
In this test Fulcaster was the leading variety by a considerable mar-
gin. Turkey wheat was dist inctly inferior to the varieties of soft wheat 
tested. 
TAB!,E 13.- YIELDS ()F WINTER W HEA'l' VARIETIES AT C ARTHAGE, ]ASPER C o u NTY. 
(In bushels per acre) 
Average Y ields 
Varieties 1910 1911 1912 1913 4 yrs. 10·13 1 3 yr s. 11·13 
Early Ripe 9.8 9.9 16.9 17.8 13.6 14.9 
Fulcaster 21..l 1 !.3 16.9 14.8 16.1 14.3 
Fultz 11.6 13.2 14.8 14.8 13.6 14.3 
Mealy 16.9 11.1 12.1 17.5 14.4 13.6 
Nigger 20.4 7.6 11 .8 19.8 14.9 13.1 
Turkey 8.9 8.8 13.7 16.7 12.0 13.1 
Red Prolific 7.5 17.7 18.9 14.7 
] ones' Long berry 8.4 10.8 
Lebanon 17.1 15.9 
Lebanon N o. 20 17.3 12.4 
Mediterranean !5.5 16.2 
Michigan W onder 14.7 9.2 
Poole 12.6 16.3 
Dietz 14.6 
J~arly Ripe No. 29 18.0 
Fulcaster N o. 15 15.3 
Poole B·3 15.2 
The results of a two-year var iety test at Cuba are shown in Table 14. 
The period covered by this test is too short to warrant conclusions, t hough 
it is interesting to note that the yield of Kanred, the only hard winter 
wheat variety inclu.ded in the test, was distinctly inferior to those of all 
of the soft wheat varieties tested. 
The leading variety of wheat for southwestern Missouri is Fulcaster. 
For the wheat producing region of southeastern Missouri no recommen-
dation can b ~ made based upon experimental results, but it is probable that 
in this region Fulcaster would also be found satisfactory, as in all other 
sections of central and southern Missouri where tes ts have been conduct-
ed. 
WHEAT VARIETIES FOR MISSOURI 
From the results obtained in. the variety tests reviewed in the pre-
ceding pages it is evident that certain of the varieties tested are superior 
in yield to others under Missouri conditions. It is clear that spring 
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wheat is not so well adapted as winter wheat in any part of the state. 
The varieties of soft red winter wheat are superior to those of hard red 
winter or soft white winter wheat. 
The ·varieties of soft red winter wheat that have given the b est results 
in these ; tests are : 
For northern Missouri, Poole and Dietz; 
For central Missouri, Michigan Wonder and Fulcaster; 
For southern Missouri, Fulcaster. 
It sLould be stated further that ti1e variety names applied to seed 
v. heat on the market are often misleading. \ Vheat sold as F ulca ster, for 
instance, is in many cases very different both in appearan ce and per-
formance from wheat most commonly grown under that name. 
\Vh eat apparently identical with Fu!Caster as commonly grown may 
be purchased under many different names. Further, different lots 
.of wheat which are practically identical in appearance may differ consid-
erably in yield and other qualities of practical importance. For example, 
the variety tested under the name Dietz in these experiments is practi-
TABLE 14.-Yrer.os oF WINTER WHEAT VARIE1'rEs AT CuBA, CRAWFORD CouNTY. 
(In bushels per acre) 
Variety 
Fulcaster 
Fultz 
Poole 
Kanrerl 
Red Cross 
1919 
7.1 
7.6 
9.6 
1920 
11.0 
12.3 
11.4 
8.9 
12.2 
Average Yields 
2 yrs. 1919-20 
9.1 
10.0 
10.5 
cally indistinguishable from the variety tested under the name Fulcaster, 
and the varieties tested under the names Harvest King and Beechwood 
Hybrid are practically indistinguishable from that tested under the name 
Poole. Yet Poole and Dietz were the leading varieties in northern Mis-
souri, where they were distinctly superior in general to Beechwood Hy-
brid, Harvest King, and Fulcaster; while the reverse was true in central 
Missouri. Although there appear constant and substantial differences in 
adaptation and yield between the strains tested under these variety names, 
there seems no good reason for expecting the same differences to apply 
to other seed sold under the same variety names but obtained from differ-
ent sources, when the current confusion in the application of v.ariety names 
is considered. Some varieties similar in appearance to Fulcaster and 
Poole have given unsatisfactory results in the variety tests, and many of 
them have not even qualified for a trial on the outlying fields. The recom-
mendations made as a result of ·these tests. apply strictly, therefore, only 
to seed of the same origin as that tested. Such seed is available to Mis-
souri farmers through the Approved Seed "List of the Missouri Corn Grow-
ers' Association, on which the varieties tested by the station and found 
well adapted to the state are designated as "Tested Varieties ." In addi-
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tion, all seed wheat listed by the Missouri Corn Growers' Association is 
certified to be reasonably free from impurities and from disease. This 
seed may fairly be considered the best seed wheat available to Missouri 
farmers. 
THE QUALITY OF SEED 
The quality of seed wheat commonly used in Missouri is very poor. 
Very few Missouri farmers take the pains to produce seed wheat of good 
quality. In addition to the ability to germinate well, good seed wheat 
should have these important qualities: 
1. It should be of a variety known to be a good yielder in the region 
in which it is to be grown; 
2. It should be adapted seed of the variety chosen, produced under 
conditions similar to those under which it is to be grown ; 
3. It should be practically free from impurities, including weed seed, 
seed of other grains, and seed of other varieties of wheat, and-
4. It should he free from seed-borne diseases. 
The comparative value of the leading varieties in Missouri has alrea·dy 
been discussed. The varieties recommended arc grown more or less com-
monly in the state, but the home grown seed available is usually badly 
mixed and is frequently diseased. It is easily possible to produce Jirst 
class seed wheat on any farm on which wheat can be profitably raised. 
Seed wheat of the best quality is always worth double the market price 
of wheat for grain, and the production of such seed both for home use and 
for s<_tle will be found profitable for many Missouri farmers . 
Adapta>ti,on.-There is a common belief that wheat grown for several 
years in the same locality will "run out" or deteriorate in yield and qual-
ity, and that frequent change of seed is therefore desirable. Many exrJeri-
ments to determine the effects of continued culture of wheat without change 
of seed have been conducted in various parts of the country and under 
differing conditions. From the results of these experiments there can 
be no doubt that wheat does not necessar ily "run out." On the con-
trary, under proper conditions it gradually adapts itself and becomes more 
productive. Wheat from a distant locality, particularly if the growing 
conditions there are very different, requires several seasons to reach its 
highest productivity. 
Under average farm conditions the yield of wheat frequently does de-
crease steadily through a series of years, hut this may be clue to causes 
not at all associated with "running out" of seed, as the term is usually un-
derstood. Frequently the decrease in yield is caused by the steady deple-
tion of the soil under continuous grain cropping. What is needed is not a 
change of seed, but a change of farming methods. Often the seed actually 
does deteriorate, not because of degeneration in the original stock, but be-
cause diseases, weed seed,· and mixtures of other varieties are allowed to 
come in. Changing seed may be advisable under these conditions, if the 
new seed obtained is known to be adapted, productive, pure, and free from 
disease. If the wheat grown is satisfactory except for its impurity, it 
may be worth while to purify it and at the same time improve it in other 
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respects by the method outlined below under the heading "How to Produce 
Good Seed Wheat." 
In buying seed wheat a variety of tested value should be obtained 
from some nearby source. Wheat that has given good results on neigh-
boring farms for several years is a safe kind to use. New varieties for 
which extravagant claims are made usually prove disappointing. All prom-
ising new varieties are tried out by the experiment station, and during the 
16 years of experimental work reported in this bulletin, no one of the so-
called new varieties appearing on the market has proved superior to the 
old established varieties recommended. In most cases these "new var-
ieties" are merely old varieties under new names. In some cases they are 
unadapted varieties from distant sources. 
Purity.-The most common defect of seed wheat is impurity. The 
common impurities are weed seed, seed of other grains, and seed of other 
varieties of wheat. The weed seed most commonly found as impurities in 
seed wheat in Missouri are cheat, wild onion, and cockle. One of the most 
effective ways to control weeds in grain fields is to use seed free from 
weed seeds. Of the weeds mentioned above, wild onion is especially im-
portant, because the presence of any considerable amount of onion in the 
grain makes it unfit for milling. Wheat having an unmistakable odor of 
garlic or wild onion, or containing garlic or wild onion bulblets in quantity 
equal to one or more bulblets in about two pounds of wheatmust be desig-
nated "garlicky," in addition to its grade designation, according to the 
Federal Grain Standards, and such wheat naturally sells at a pronounced 
discount. The presence of seed of other grains is also important in re-
ducing the commercial grade of the product. 
Mixture of several varieties in seed wheat is extremely common. 
There are several reasons why such mixture is undesirable. Some one var-
iety is best for local conditions, and the presence of other varieties in the 
seed will reduce the yield. If the mixture includes varieties of different 
commercial classes, such as hard winter wheat and soft winter wheat, the 
grade may be reduced or the product may be graded on the market as 
mixed wheat with some consequent reduction in price. No. 1 red winter 
wheat is allowed to contain no more than 5 percent of wheat of other 
classes, and other grades of soft red winter wheat may contain no more 
than 10 percent. ,soft red winter wheat containing more than 10 percent 
of wheat of other classes is graded as mixed wheat .. 
Probably the most important disadvantage of mixture of varieties, 
however, is that the ripening of the different varieties included is not 
likely to be uniform.. If the wheat is cut when the earliest of the var-
ieties mature some of the grain will be immature when harvested, and if 
harvest is delayed until the later varieties have ripened, the earlier var-
ieties will be over-ripe and some loss by shattering will probably occur. 
There is a possibility that carefully prepared mixtures of certain varieties 
of wheat may yield somewhat better through a series of seasons than the 
included varieties would yield if grown pure, through more efficient use 
of the available space and better adaptation to varying seasonal condi-
tions. But the accidental field mixtures herl' referred to are undoubtedly 
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harmful. There are very few fields of wheat in Missouri where specimens 
of a dozen varieties or more may not be found on casual inspection, and 
this condition causes a considerable loss to Missouri wheat growers. The 
principal cause of this mixing of varieties is the traveling threshing 
machine, which carries seed from one farm to the next. Most of the im-
purities brought in from the last farm are shaken out during the first few 
minutes the machine is run. Seed wheat should therefore be saved only 
from the grain that goes through the machine after it has been running 
for some time. If the wheat is badly mixed it may be purified by the 
methods outlined below under the heading "How to Produce Good Seed 
Wheat." 
The Farming Mill.-The fanning mill was originally designed to sep-
arate the large, heavy seed from the smaller, lighter seed which were con-
sidered inferior. Numerous and comprehensive experiments on the com-
parative value of large and small seed have shown that there is little dif-
ference in yielding power between them, when healthy, mature seed are 
used in both cases. Apparently large seed will usually produce somewhat 
more than sm.all seed when equal numbers are planted, but when equal 
weights or volumes of seed are used, the difference is slight for there are 
many more small seed than large seed per bushel. The use of the fanning 
mill for separating large from small seed, therefore, seems inadvisable. 
The fanning mill has a very distinct value, however, in removing weed 
seed, and light, shriveled, or diseased seed. Whenever the seed to be used 
contains impurities of this sort it should be thoroughly fanned to re-
move them. It is not worth while to fan clean, healthy · seed to remove 
the smaller grains. 
Seed-borne Diseases in Whea.t.-Both loose smut and stinking smut 
of wheat are carried from one crop to another by the seed. It is possible 
to eliminate these diseases altogether by seed treatments. 
Stinking smut is a very common disease which causes a considerable 
loss to Missouri wheat growers each season. H:eads affected with stink-
ing smut may be distinguished in the field by the spreading of the chaff, 
caused by the swelling of the grains, and usually also by their somewhat 
darkened color, caused by discoloration of the grains. The grains, or 
smut balls, are filled with fine, black powder which has a strong and very 
disagreeable odor. Loose smut is usually less common than stinking smut, 
though it has become rather widespread in Missouri in the last few seasons. 
Heads affected with this disease are easily recognized, for the grains and 
chaff are replaced by the black, powdery smut which is soon blown away 
by the wind, leaving the bare stems. 
The loss caused by the smuts is twofold. They destroy large amounts 
of grain each season, thus reducing yields, and in addition they reduce the 
market value of the remaining grain. Wheat containing as much as ten 
smut balls to the pound, or having a distinct odor of smut, must be desig-
nated "smutty" in addition to its grade, according to the Federal Grain 
Standards. Smutty wlieat is discriminated aginst by millers because of 
its odor and color, and therefore sells ordinarily at a r_educed price. 
Both kinds of smut are caused by fungi which grow within the plant. 
The fungus causing loose smut produces spores at flowering time and 
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treatments, such as formalin and copper sulphate treatments, which will 
control diseases carried by the spores on the surface of the seed, and 
heating treatments, such as the hot water treatment, which will kill spores 
or fungi either inside or outside the seed by raising the temperature to a 
point at which they cannot live. In the hot water trea tment it is nec-
essary to raise the temperature to so high a point to kill the fungus that 
some injury to the seed is almost unavoidable. An accidental variation of 
a few degrees either below or above the proper temperature is disastrous 
on the one ha1id in failure to kill the fungus and on the other hand in 
causing injury to the seed. The formalin treatments are therefore recom-
mended for the control of stinking smut. When loose smut is present it 
can be controlled by the hot water treatment, but this treatment must be 
applied with great caution. When the hot water treatment is used for the· 
control of loose smut it is unnecessary to usc the formalin treatment in 
addition for the control of stinking smut. 
Fig. 3.-Apparatus for formalin treatment 
of wheat affected by stinking smut. (Cour-
t.esy United States Department of Agricul· 
ture. 
Formalin treatment for Stinking Smut.-Tf the seed to be treated con-
tains smut balls it should be thoroughly cleaned in a fanning mill before 
treatment. The fanning will remove not only the smut balls, but also the 
light, shrivelled or scabby seed and many weed seed. If it is impossible 
to fan the seed, the soaking ·treatment here described should be used, so-
that the smut balls will be removed. 
Formalin can be obtained at drug stores at a cost of ab out 75 cents. 
per pint. Make two tubs, as shown in figure 3 by cutting a barrel in half 
or by any other convenient means. Each tub should have a hole near the· 
bottom, which can be plugged. Cover this hole with a screen on the 
inside, so that the seed cannot run out with the solution. Place the tubs. 
in position as shown in figure 3, and fill the upper tub with formalin solu-
tion in the proportion of one pint of formalin to 40 gallons of water. Pour 
the grain into the upper tub in a layer about six inches deep. Stir it 
thoroughly and allow it to soak for 10 minutes. The smut balls will rise 
to the top, and shou!d be skimmed off. When the period of soaking is over, 
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drain the solution into the lower tub by removing the plug. Pour out the 
grain in a thin layer to dry, and change the positions of the tubs, so that 
another lot of grain can be treated. If the grain is to be seeded at once, 
it need not to be dried any more than is necessary to permit it to run 
freely through the drill. If it_ is not to be seeded at once it should be dried 
thoroughly to prevent heating in storage. 
A more convenient method of applying the formalin treatment, which 
is suitable when no smut balls are . present in the seed to be treated, is 
the sprinkling method. The same strength of solution is used as in the 
soaking method, but it is applied by sprinkling with an ordinary sprinkling 
can while the seed is shoveled from one pile to another. Care must be taken 
to insure that each seed is wet with the solution. The pile of seed is 
then covered with sacks or blankets which have been soaked with the 
solution, and is left covered for two hours, after which it is spread out to 
dry. 
Whatever method of treatment is used, all sacks, bins, and machinery 
with which the seed may come in contact before seeding should be 
thoroughly disinfected with the formalin solution, so that the seed may 
not be reinfected with smut spores after the treatment. 
The rate of seeding after treatment should be increased about 20 per-
cent for the soaking treatment and about 10 percent for the sprinkling 
treatment to compensate for the swelling of the seed. If the treatment is 
properly applied the germination of the seed will not be reduced. 
Both loose and stinking smut may be controlled by a hot water treat-
ment, but the danger of injuring seed through failure to follow directions 
exactly is much greater than in the case of the formalin treatments. Th~ 
hot water treatment has not therefore been generally recommended, for 
farm use. However, a practical method of applying this treatment safely 
under farm conditions has been devised by the Department of Field Crops, 
of this experiment station. This method is fully described in Extension 
Service Circular 108. 
HOW TO PRODUCE GOOD SEED WHEAT 
Good seed wheat, pure, adapted, and free from disease, can be pro-
duced with very little extra labor by Missouri farmers. The first step 
is to obtain one of the varieties found best adapted to the section, if the 
wheat being grown is not known to be one of these. In many cases 
these varieties are already being grown, but are badly mixed. The var-
iety may be purified and at the same time freed from smut and per-
haps improved in other qualities by the procedure here described. 
A day or two before wheat harvest, when a considerable portion of 
the wheat is ripe, select heads from the field for foundation stock. It is 
practically impossible to distinguish the plants inherently best in yielding 
power in a field of wheat under ordinary conditions, because of the diffi~ 
culty of separating individual plants, and because of differences in spac-
ing. It is hardly worth while, therefore, in this selection to attempt im-
provement in yield except by selecting only normally productive plants, 
and by considering other factors which may influence yield. The prin-
cipal object of this selection is to obtain purity of the variety_ Another 
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-important quality which can be obtained is uniformity in maturity. If it 
is desired to make the wheat earEer in maturity, the selection can be made 
.at an earlier elate, whenever a fair proportion of the heads have matured. 
In general the earlier maturing varieties are Jess subject to rust than the 
later maturing varieties, although ti1ey are not necessarily superior in 
.average yield. Only plants distinctly showing the characteristics of the 
variety chosen should be selected. If rust, lodging, or other undesirable 
-conditions of importance are common in the season in which the selection 
is made, the plants affected should be avoided. The descendants of dif-
ferent plants in the same variety may vary widely in susceptibility to rust, 
smut, lodging, and winter injury, and the behavior of plants under similar 
growing conditions is an index to their value as foundation stock. 
About three bushels of heads should be selected. T hese may be 
threshed by putting them in sacks and tramping them. Before seeding, 
the seed should be fanned and given the hot water treatment, directions 
for which will be found in Extension Service Circular 108. They 
should be seeded at about two pecks per acre on a well fertilized field 
where contamination with loose smut from other wheat fields is unlikely 
to occur. The low rate of seeding is used for rapid multiplication. The 
seed plot should be kept free from weeds by hand pulling if necessary. 
The wheat produced in this field may be harvested and threshed by the 
usual methods, but the introduction of weed seed and other impurities from 
the threshing machine should be prevented. The amount of seed produced 
in the seed plot will vary of course with the season, but ordinarily enough 
will be produced in a seed plot of one acre in which two pecks of seed 
were sown to seed a field of considerable size the following season. If the 
strain of wheat thus started is kept free from mixture it may be consid-
ered excellent seed whe.at, worth at least twice the market price of wheat 
for grain. If it is sown only in fields at some distance from other fields 
of wheat it will remain free from loose smut fo'r several years. 
WHEAT IN A CROPPING SYSTEM 
On the average Missouri farm wheat is usually grown after oats. 
However, on farms where corn is a special crop, wheat may follow corn. 
Where soybeans are grown in addition to oats or to replace the oats crop, 
wheat may well follow soybeans. 
Wheat after Corn.-The practice of following corn with wheat is espec-
ially recommended on all land which washes badly. .If the wheat crop 
is followed with clover or clover and grass, thus making a corn-wheat-
grass system, the land may be kept covered at all times. 
Wheat may follow corn when (1) drilled between the rows in stand-
ing corn (2) when the corn is cut and shocked and (3) when the corri is 
used for silage. 
The practice of seeding wheat in standing corn cannot always be 
followed. Corn often blows down badly, thus making wheat seeding diffi-
cult or impossible. When wheat is to be seeded in corn it is important 
that the corn crop should receive clean, level cultivation. A special one-
horse grain drill is required for drilling the wheat between the rows of 
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corn. Good wheat yields are secured from this practice, especially when 
the relatively low cost of production is considered. 
In some sections of the state, typified by the Missouri and Mississippi 
River bottomlands, corn is cut and shocked in line and wheat is seeded 
on the corn stubble. Where wheat follows corn thus handled the ground 
should be double disked and harrowed before seeding the wheat. This 
system is practical only on farms where there is annually a shortage of 
rough forage. It is a common practice where corn and wheat are espec-
ially pi"Ofitable, where most of the farm land is under cultivation, and where 
large quantities of corn fodder can be used to advantage. 
On farms where much of the corn is used for silage a corn-wheat ro-
tation is especially well adapted. Corn cut for silage usually comes off 
earlier than when cut and shocked. There are no corn shocks to interfere 
with wheat seeding, and more time is allowed for seed bed preparation. 
Wheat after Oats.-It is usually more convenient and often more pro-
ductive to grow wheat after oats than after corn. After oats harvest and 
threshing there is always ample time for seed bed preparation. How-
ever, some difficulty in the early plowing of oats stubble is often exper-
ienced. Oats naturally leave the soil very dry and hard and the normally 
dry weather of July and August intensifies this condition. Other condi-
tions, as either a shortage of labor for stacking the oats, or the failure 
to secure the timely service of a thresher, often result in late plowing 
for wheat. Early plowing for wheat is one of the essentials in the pro-
duction of a good crop. 
Wheat after Soybeans.-When the soybean seed crop is properly 
handled the stubble provides an ideal wheat· seed bed, and when the crop 
is grown for hay there is never any difficulty in following with wheat. 
When soybeans are to be grown for seed and followed with wheat 
three important points regarding the soybean crop should be kept well 
in mind (1) proper selection of the variety (2) level cultivation (3) clean 
cultivation. Varieties like Morse, Wilson, Virginia, and Medium Yellow 
can always be harvested and disposed of before the time for seeding wheat. 
Soybeans ahead of wheat provide several advantages. Oats may be 
eliminated from the cropping system, if the crop is not desired. On 
many farms oats are grown primarily as a connecting crop between corn, 
and wheat. The use of soybeans also does away with the July or August 
plowing, which is desirable in preparing the oats stubble for wheat. 
Nitrogen is one of the elements of plant food which must be given 
specia·l attention in the production of wheat. It is also one of the most 
expensive when applied in the form of commercial fertilizers. Soybean 
stubble land can be expected to contain a higher relative percentage of 
nitrogen than would be found in soil previously cropped to corn or oats. 
On all rich and naturally loose soil no preparation of the soyb~an: 
stubble is necessary. This is true especially if the crop has been kept 
clean through level cultivation. . Should soybean harvest come late, the 
wheat may be seeded immediately behind the soybean harvester. On 
soils that are inclined to pack, double disking will always put the land in 
good shape for wheat. 
The Missouri · Experiment Station has made tests on the effects t,i 
PRODUCTIVE METHODS FOR WHEAT IN MISSOURI 2/ 
different cultural treatments of soybean stubble land in preparation for 
wheat. These were conducted for the crop seasons of 1918, 1919, and 1920 
on laJ!d which might be classed as average corn upland of central Missouri. 
These data are reported in Table 15. It will be observed that the best 
average yields were secured where the land. was double disked and rolled 
after harvesting the soybeans. However, the difference of 2.5 bushels 
per acre over the untreated plots is, for the duration of the experiment 
at least, within the limits of experimental error. For the same seasons on 
similar land, wheat on well prepared oats stubble land gave a yield of 
21.0 bushels per acre, practically the same as the average yield of the 
wttrcated plot> reported in Table 15. 
TABLE 15.-YU:LD OF WHEAT FOLLOWING SOYBEANS UNDER DIFFERENT ME'fH-
ODS oF PRI\PARING THE SEED-BED AT Cor.uMUIA, BooNE CouNTY. 
(Yield in bushels per acre) 
No. Single Double Single Double Double 
Year Prep· Harrowed disked diskerl dis ked disked disked 
aration harrowed harrowed t·ollecl 
1917-18 23 ;1 22.3 21.9 22.6 24.4 21.2 26.1 
1918-19 15.6 13.5 13.9 15.6 14.6 16.1 14.7 
1919-20 23.6 24.4 21.5 22.4 28.5 25.4 29 .0 
Average 20.8 20.1 19.1 20.2 22.5 20.9 23.3 
Average diffe rence 
between yields of 
treated and 
unt.reatcd plots ·0.7 -1.7 -0.6 1.7 0.1 2.5 
THE CONTROL OF INSECT ENEMIES· 
Hessian Fly ControL-Systematic and cooperative measures are es-
sential in the control of the Hessian fly. To make the control effective 
the life habits of the fly should be fully understood. 
There are from two to five broods of the fly each season, depending 
largely upon seasonal conditions. Of these five broods there are always 
two main broods and they are the ones for which effective control is 
necess·ary. One of the main broods appears in September and early Octo-
ber, the other in the early spring. 
The damage to wheat begins in the fall. The larvae of the fall brood 
feed upon the wheat until cold weather. Their attack results in a dwarfed 
plant growth. The plant leaves become short and thick and develop an 
abnormal dark green color. The fly passes the winter at the base of the 
plants, in the fi:J,xseed stage. Figure 4 illustrates the comparative· de-
velopment of an infested plant. 
In the early spring the flies emerge from the flaxseed stage and lay 
their eggs. These hatch and produce the second main broods which feed 
upo~ the wheat nearly . up to harvest. After harvest the :tl.y will be found 
in the wheat stubble again in the flaxseed stage. Later in September and 
October the flies appear and lay their eggs on volunteer and early fall-
sown wheat. 
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There are three essential measures in the control of the Hessian fly; 
(1) early plowing of all infested wheat stubble not seeded to grass, (2) 
destruction of all volunteer wheat, and (3) delaying the seeding a.f the 
wheat crop. When these measures are followed closely by all wheat 
growers the damage done by the Hessian fly will be reduced to a mini-
mum. Cooperation is essential in their control, since, in the spring flies 
will migrate from infested fields to adjoining fields which may through 
"late" fall seeding be free from the fly. 
In cropping systems where wheat is followed with clover or grass, 
the plowing under of wheat stubble is not possible. Nor is the destruction 
of volunteer wheat on such fields practical. These conditions justify more 
than ever the seeding after the fly-free date. For this date in your sec-
tion see Figure 5. 
(Infested Plant) (Healthy Plant) 
Fig. 4.--Effect of Hessian fly on the growth of the young wheat plant. (Courtes)" 
of the Kansas Agricultural Experiment 'Station.) 
The fall brood of Hessian fly has a definite period for emerging andl 
laying eggs. This is the principle upon which the fly-free date is fixed, 
the date for seeding in any given section coming after the normal fall 
appearance of the fly. These periods ha.ve been determined by the De-
partment of Entomology of the Missouri Experiment Station, through care-
ful study of the average seasonal habits of the fly in different sections of 
the State. 
Where wheat follows wheat, early and deep plowing of the stubble is. 
recommended, especially where the stubble is infested with flies. The oc-
casional working of the plowed land puts the land in g.ood conditio!\ for 
seeding. At the same time it fills all crevices and cracks in the soil thus 
preventing the emergence of flies turned under in the stubble. These opera-
tions also keep out the volunteer wheat which would otherwise provide a 
place for the fly to deposit its eggs. 
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Chinch Bug C.ontrol.-Wheat is only one of a number of crops often 
damaged by the chinch bug. Corn, oats, barley, wheat, and all grasslike 
plants are subject to their attack. 
There are two broods each year. The bugs live through the winter 
as adults and in the spring fly to fields of wheat, oats, and barley. Dur-
ing early May they lay their eggs. The nymphs from these eggs feed upon 
the small grain crops becoming nearly mature at harvest time. 
The only effective chinch bug control, as far as wheat and other small 
grains are concerned, is the thorough destruction of the bugs during the 
winter months. 
OCT, 9 
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OCT. I 
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Fig. 5.-Map showing fly-free dates for Missouri. Wheat seeded on or after these dates· 
will escape fly injury. 
Their flying habits in the early spring prevent the use of the dust 
barrier to control their migration from winter quarters to the wheat fields. 
This is the common method used in preventing their migration at har-
vest from wheat and oats stubble to corn fields. 
During the winter months chinch bugs are to be found in grassy 
fence rows, sloughs, and other waste places where there is any trash which 
may serve as winter protection. Corn shocks, wheat and oats straw stacks 
may also afford a winter home. The feeding or scattering of straw, dis-
posing ·Of corn shocks and the burning of fence rows and waste places 
during early winter is the only effective prevention of attack on the small 
grain crop. 
30 MissouRI AGRICULTURAL ExPERIMENT STATION BuLLETIN 188 
PREPARING THE LAND FOR WHEAT 
Plowing.~Land should be plowed for wheat as early in the summer 
as labor and seasonal conditions will permit. Disking ahead of the plow 
will pay when the land has been manured or when much vegetable matter is 
to be turned under. Disking before plowing always helps to make the 
soil fine and well packed. 
As a general rule, the later the work is done the more shallow should 
the land be plowed. When ground is plowed late, the disk and the har-
row should immediately follow the plow. This is especially important when 
ground is turning up hard and cloddy. 
The comparative value of early plowing is indicated in Table 16. A 
round average increase of 5 bushels of grain per acre was obtained from 
TABLE 16.-EFFECT OF TIME AND DEPTH OF PLOWING ON THE YIELD Ol' WHEAT. 
(At Shelbina, Shelby County) 
Time of Depth of Yield in bushels per acre 
plowing pl owing 
I. Average (inches) 1913 1914 191S 1916 
July IS-Early 4 20.2 22.3 20 .1 1.6 16.1 
July 1S-Early 7 16.4 23 .3 19.9 1.9 1S.4 
Sept. 1S-Late 4 17.6 22 .1 6.4 1.9 12.0 
Sept 1S-Late 7 7.8 20 .S 8.4 1.3 9.S 
(At Warrensburg, Johnson County) 
Time of Depth of Yield in bushels per acre 
plowing plowing 
(inches) 1916 1917 Average 
July IS-Early 4 16.6 28.9 22.8 
July IS-Early 8 18.3 30.5 24.4 
Sept. !S-Late 4 18.6 17.8 18.2 
Sept. !S-Late 8 18.7 18.4 19.1 
early plowing at both fields. At Shelbina, Shelby County, shallow plow-
ing, both early and late, gave slightly better average returns than deep 
plowing. But at Warrensburg, Johnson County, deep plowing, both early 
and late, gave a small but regular increase of about 1 bushel per acre over 
shallow plowing. 
The different effects of the depth of plowing upon yield, obtained from 
the two fields can be explained partly at least, by theiJ;" widely different 
types of soil. The soil at the Shelbina field is rather low in fertility, shal-
low, and underlaid with a tight subsoil. At the Warrensburg field the soil 
is more fertile, deeper and better drained. 
Making the Seed Bed.-Less labor is required in seed bed preparation, 
when the land has been plowed early. The main objects in disking, harrow-
ing, and possibly rolling, are to make the seed bed level, fine, and well 
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packed. When frequent rains come after early plowing a firm seed bed 
naturally results. This is especially true if the clods have been pulver-
ized with a disk or harrow. Under such conditions double disking and har-
rowing will always put the land in good shape for seeding. 
When the ground is loose and cloddy, which condition often occurs 
following late plowing, rolling after disking and harrowing will generally 
prove beneficial. The corrugated type of roller is efficient in pulverizing 
the clods and in subsurface packing. 
When the land is rolled it should be done ahead of the drill rather 
than after the drill. Rolling after seeding reduces the ridges made by the 
drill, leaves the soil more liable to form a crust, more susceptible to wash-
ing, and less able•to hold the snow during the winter period. Thus winter 
killing is increased. 
TIME, MANNER AND RATE OF SEEDING 
To avoid damage from the Hessian fly, wheat should not be seeded 
until the fly-free date. For this date in any section see Figure 5. 
The time and rate of seeding are closely related to seed bed prepara-
tion. Seeding after the fly-free date is often termed "late" seeding. So 
far as danger of winterkilling is concerned, seeding on or near the date 
given is not late seeding if the seed bed has been properly prepared. A 
loose, open, poorly prepared seed bed is more conducive to winterkilling 
than is "late" seeding. It should be stated, however, that occasionally 
the fly-free date is a little later than the most seasonable date for seeding; 
and under such conditions the crop may suffer more from winterkilling 
than if it had been seeded earlier and had made a good root development 
before cold weather. But one year with another it is more important to 
avoid the almost certain damage from Hessian fly than to avoid the 
greater degree of winterki!ling, which may sometimes result from ob-
serving the fly-free date. It should be remembered also that very early 
seeding which will produce a rank, sappy growth before cold weather, may 
cause far more damage from winterkilling than late seeding. 
The most effective method of wheat seeding is with the standard grain 
drills. These drills seed the wheat in rows seven to eight inches apart. 
They are of either the hoe, single disk or double disk type. The hoe type 
of drill is satisfactory only on clean land. 
The rate of seeding is not in general important. A good average rate 
of seeding is five to six pecks per acre. Much publicity has been given to 
so~called "Peck Wheat," "Marvelous,'' and other varieties, with reference 
to their ability to produce normal yields When seeded at a peck or two 
per acre. All varieties of wheat stool quite heavily, the amount of stooling 
depending upon the existing stand, soil fertility, and seasonal conditions. 
One year with another it is not safe to plant less than four pecks and 
it will usually not pay the seed cost to use more than six pecks per acre. 
Heavier rates of seeding will prove profitable only when the winter is 
extremely severe. Under such conditions when very light seeding .has 
been practiced, the remaining plants cannot stool enough to produce a 
normal stand. 
Under normal conditions wheat, through its stooling ability, tends to 
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produce a maximum stand-a stand balanced with the fertility of the 
land. It stools heavily under thin planting or following severe winterkill-
ing, and it stools relatively very little under heavy rates of seeding or fol-
lowing mild winters. 
Comparative yields froin different rates of seeding are reported in 
Table 17. These resulted from tests made on experiment fields at War-
rensburg, Johnson County, and Shelbina, Shelby County. According to 
these results, no definite rate can clearly be recommended. The yields we re 
not widely different from seeding 3 to 9 or 10 pecks per acre. 
TABJ.E 17.-EFFECT OF RATE OF SEEDING UPON THE YIELD OTt WINTER WHEAT. 
(At Warrensburg, ] ohnson County) 
Pecks SO\Vn Yields in bushels per acre 
per acre 
1915 1916 1917 Average 
3 4.2 8.9 34.1 15.7 
4 3.9 9.7 31.5 15.0 
5 4.0 12.5 33.1 16.5 
6 3.4 12.2 31.5 15.7 
7 4.7 11. 7 30.9 15.g 
8 3.7 11.4 37.3 17.5 
9 4.5 10.0 34.4 16.3 
10 5.2 9.2 33.3 15.9 
(At Shelbina, Shelby County) 
-
Pecks sown Yields in bushels per acre 
per acre 
1913 1914 1915 1916 Average 
3 12.5 28.5 17.3 1.0 14.8 
4 13.3 27.8 16.6 1.7 14.9 
5 14. 1 27.2 19.5 1.5 15.6 
6 13.1 27.8 19.2 1.4 15 .4 
7' 14.1 29. 1 20.6 1.2 16.3 
8 12.7 25.6 21.4 1.1 15.2 
9 13.3 28.0 18.6 1.5 15.4 
SOILS FOR WHEAT 
Although the most profitable yields are obtained on fertile soils, wheat 
is generally adapted to all soils of Missouri. No grain crop, considering all 
soils, is a safer investment. It is a particularly safe crop for thin soils, 
unfit for corn, provided fertiliers are used. 
The best growth of wheat is produced 'by land which will make good 
crops of corn, but on rich, moist soils, especially bottom land high in or-
ganic matter and nitrogen, wheat is not nearly so safe a crop as corn. 
Under such conditions wheat grows very rank and often lodges. This 
greatly lowers the yield and in many seasons there is a complete loss 
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through inability to harvest the crop. For these reasons wheat should 
not be seeded on first year fertile sod land, especially bottom land. Such 
land should be cropped from one to four seasons with corn and oats before 
seeding to wheat. 
FERTILIZERS FOR WHEAT* 
Either commercial fert iliers or barnyard manure will bring paying re-
turns with wheat on all Missouri soils of average fertility. Barnyard 
manure may be applied to the corn crop preceding the wheat or it may be 
used as a top dressing on the wheat during the fall or winter. It is 
especially profitable as a top dressing when clover or grass has been sown 
on the wheat. When barnyard manure is applied just ahead of wheat, it 
should be thoroughly disked into the soil before plowing. When fertil-
izer is used for wheat, one in which the ingredients are readily available 
is necessary for the most effective results. A fertilizer treatment will not 
only produce a better growth, but in severe seasons, may reduce winter 
killing. The young seedlings will get a better start in the fall and be able 
to establish themselves more thoroughly in the soil. Fertilizers having a 
high per cent of available phosphorus are most effective, but on the poorer 
soils a fertilizer containing some nitrogen and potash will usually pay better 
than those carrying phosphorus only. 
On medium to good upland soils in fairly good condition, the fertil-. 
izers that can be expected to give most profitable returns are acid phos-
phate; or steamed bonemeal. The average increase in yield from these 
materials on the Missouri Experiment Station fields has been over 5 bush-
els an acre. In a.ddition to this a further average increase of more than 
half a ton of clover hay has been obtained following the wheat crop. 
On medium to thin soils or soils that receive no manure and grow 
few legumes, a mixed fertilizer containing at least 2 percent nitrogen, 
10 to 12 percent available phosphoric acid and 2 or 3 percent potash should 
give good result~;. Where these soils are well treated by the rotation of 
crops and the occasional use of manure, acid phosphate or bonemeal will 
probably be found to give the most economic<tl returns. Bonemeal is par-
ticularly advisable where clover is to follow the wheat as it contains con-
siderably more phosphorus than acid P.hosphate and is quite effective on 
the second year's crop. The use of low grade mixed fertilizers which 
contain less than 14 percent of total available plant food is to be discouraged 
because the cost per unit of plant food is greater than in the high grade 
materials. 
The most profitable quantity of fertilizer to apply to wheat will de-
pend upon how well the soil has been managed, the amount of manure 
applied and the number of legume crops grown, but as a rule the most 
profitable quantity will range between 125 and 200 pounds to the acre. The 
lower of these amounts will probably pay greatest returns on the money 
invested, but the larger quantities, 150 to· 200 pounds, will ordinarily give 
the greatest acre return~ 
*The statements under this heading have been summarized from the results of inves· 
ligations by the Department of Soils, Missouri Experiment Station. 
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PASTURING WHEAT 
Pasturing wheat during the fall and winter months and in early spring 
does not, if properly done, decrease the yield. Under certain conditions 
the pasturing may be beneficial rather than harmful. It may be beneficial 
on rich, moist land, especial!y in open seasons when the crop starts its 
spring growth very early. Pasturing checks the rank growth, resulting in 
a lower production of straw. On very rich land or in seasons having 
excessive rainfall this reduction in straw growth tends to prevent lodging. 
In the spring light pasturing on rich land can be carried on until late in 
April in south Missouri and to the first of May in north Missouri. 
Stock should be kept off wheat when the ground is wet or when it 
is freezing and thawing. In the fall the crop should not be pastured too 
close, since this condition may result in winterkilling. Wheat should nev-
er be pastured after it has begun to joint. Pasturing after this stage wili 
always result in a great reduction in the grain yield. 
CULTIVATION OF THE CROP 
In Missouri, harrowing or rolling the wheat crop is usually not bene-
ficial either in the fall or spring. There are, however, special conditions 
under which these practices will pay. 
When the soil is badly heaved or cracked in the spring, rolling is 
often beneficial not only to wheat but also to grass or clover sown with 
the wheat, for it will close the cracks and pack the soil to the roots of 
the plants. However, the rolling should not be done when the soil is wet, 
for it would pack the soil too close and might result in damage if follow-
ed by warm, dry weather. Probably the only condition under which har-
rowing would be beneficial is when the crop is on heavy soil in a very 
dry season. 
HARVESTING AND HANDLING THE CROP 
The time of harvesting must be determined both by the degree of 
ripening and by labor conditions. When the crop can be handled promptly 
it should not be harvested until the heads are uniformly golden yellow, 
and the straw has largely lost its green color and has turned reddish-yel!ow 
to yellow. 
Lack of uniformity ·in the ripening of wheat is usually caused by 
(1) variation in the stand, soil fertility, moisture, and lodging, and (2) 
variation in the types or varieties which make up the crop. Harvesting 
wheat not uniformly ripe or before it has sufficiently matured results in 
low grade grain. Under such conditions continued wet weather fol-
lowing the harvest may result in sprouted, and rotted grain. On the 
other hand wheat should not be allowed to become over-ripe. The grain 
of over-ripe wheat may appear bleached or weathered. Much loss at har-
vest may also result from shattering. Over-ripe wheat is very difficult 
to handle both in binding and shocking. 
Wheat should be shocked as promptly following the binder as labor 
conditions will permit. Wheat shocks should run from 8 tq 14 bundles, 
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erly on firm soil. By using the tilting lever, a part of the weight of the 
binder may be thrown on the roller at any time. 
The two lower brace irons are one-half inch by two inches, the upper 
ones three-fourths of an inch in diameter. 
The plank float, illustrated in Figure 7, is made from a piece of 2-by-
12-inch plank 6 feet long. This plank slides along on the stubble, carrying 
none of the weight of the binder. The height of the block marked A can 
be varied to suit the height of the binder frame from the ground. 
TOP VIEW 
~/Of: VJC:W 
"' Fig. 7.-The plank float under rear of binder frame. 
(Courtesy of University of Nebraska) 
In operation in a soft field, as the bull wheel sinks down, the weight 
of the machine is partly or wholly transferred to the) float, thus prevent-
ing the miring down of the binder. The float makes possible the har-
vesting of wheat under conditions such that without the float attachment 
the binder could not be operated. 
The float attachment is also of value where fields have soft places or 
in crossing ditches or low places too soft for the binder to operate alone. 
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STACKING 
The stacking of wheat is a good practice under the following condi-
tions: (1) When the crop is to be held for a. better price, (2) when the 
threshing service is uncertain, (3) when the wheat stubble is to be plowed 
early for succeeding crops, and (4) when the land is subject to an over-
flow that would damage the shocks . 
. When the crop must be held for a considerable time to await thresh-
ing service, stacking is a far better practice than allowing the crop to 
stand in the shock. As compared with shock threshing, stack threshing 
turns out brighter, heavier grain. And by stacking the land is released 
for early plowing for the next crop. The costs of shock threshing and 
stack threshing are about equal ; for while in building the stack there is 
an extra cost of handling bundles, this is probably much l~ss than the 
losses from drying, shattering, and sprouting when the crop stands for a 
long time in the shock. Also a concentration of teams and men at the 
time of threshing from ti1e shock is necessary; but in hauling for stacking, 
the labor of a comparatively small force may be spread over a longer 
period. 
vVhen it is desired to hold the crop an indefinite time, to await a bet-
ter price, two ways arc open: (l) thresh from the shocks as soon as the 
grain is cured and store it in bins or (2) stack as soon as the grain is 
cured, letting the stack serve as a granary, and thresh when the grain is 
desired. The advantages of stacks over bins as a means of storing grain 
on the farm may be summarized as follows: 
. 1. Stacks are much cheaper than bins. The cost of the bin and the 
labor of getting the grain in and out of it are items which greatly exceed 
the cost of stacking. 
2. Stacks will turn out a better grade of grain, because the grain will 
shrink less, will be brighter in color, and is likely to be sounder. Well 
bttilt stacks will keep the grain in good condition for a long time. Often 
the grain in stacks has been found in excellent condition a year after the 
stacks were built. 
WHEAT AS A NURSE CROP FOR CLOVER AND GRASS 
Generally the best stands of grass are obtained from August or Sep-
tember seeding on a specially prepared seed bed. For practical reasons, 
howev.er, grass is usually sown with wheat in the fall and sometimes on 
wheat in the spring. The chief advantage of these combined seedings of 
wheat and grass is the double usc of the land, a single preparation serving 
for both crops. 
Most. of the clover in Missouri is sown in the spring on wheat or with 
oats. Fall seeding of clover with wheat will generally fail on account of 
winter killing. 
All things considered wheat is the best crop with which to sow clover 
and grass in Missouri. It is better than oats, because it does not draw so 
heavily from the land nor shade the land so much while in growth and it 
leaves the land in a more favorable condition for the clover and grass: 
It is more practical than rye1 for while rye shades the ground less than 
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wheat and thus allows a better growth of clover and grass, one would 
seldom sow rye in the fall for the special purpose of using it as a nurse crop 
for clover and grass. It is better than barley, because barley itself is a 
spring sown crop and cannot be sown as early as the best time for seed-
ing clover. 
CATCH CROPS FOLLOWING WHEAT 
The production of late feed crops (catch crops ) on wheat or oats 
stubble is not a common practice in most parts of Missouri. But the re-
sults of recent tests at the Missouri Experiment Station indicate some 
good possibilities in catch crops on upland soils, which seem not to have 
been realized previously. 
In the fi'rst place, what crops can be sown on the grain stubble of 
average upland soil with a reasonable chance for success ? Cowpeas, 
soybeans, Sudan grass, sorghum, and millet can all be used. But the 
non-legumes-Sudan grass, sorghum, and millet-are generally much less 
desirable than cowpeas or soybeans. They would leave the land in rather 
bad cond(tion especially for seeding another wheat crop in the fa!( and 
though they might produce a large bulk, their forage would be much 
lower in feedin g value than the forage produced by cowpeas or soybeans. 
The only point in favor of Sudan grass, sorghum, and millet as catch crops 
after wheat or oats, is that their seed is comparatively cheap and easy t o 
obtain; hence they may at times be more practical than cowpeas or soy-
beans for use on a large scale. Millet may b e sown later than any other 
crop, and is sometimes chosen for this reason alone. But under any ordin-
ary conditions of seed prices, time of sowing, and scale of production-and 
considering the value of the feed and the effect of the crop on the land-
cowpeas or soybeans make a far more satisfactory catch crop than the 
non-legumes mentioned. 
With some preparation of the grain stubble, catch crops of cowpeas or 
soybeans, worth a considerable part of the previous grain crop, can be pro-
duced. 
For the most successful production on average upland soil the land 
must be plowed and in most cases rolled or disked. The beans or peas 
should be seeded as early as the grain crop can be removed from the 
land. If the grain crop cannot be threshed within two or three weeks after 
harvesting, that part of it on the land intended for the catch crop should 
be stacked or the shocks should be lined up to permit plowing. In the 
average season this will make possible the seeding of the beans or peas · 
at a date early enough to permit a good growth that can be cut for hay 
in t'me to seed wheat on the same land that fall. If wheat is to follow 
the catch crop, soybeans are more satisfactory than cowpeas, for they 
leave the land in better condition as a seed bed for wneat. In fact, if the 
grain stubble was plowed and disked for the soybeans, little or no prepara-
tion of the land for wheat after the soybean hay is removed, will be nec-
essary. The action of the soybean roots in loosening the soil will do much 
to improve its mechanical condition. The roots of cowpeas have a similar 
but more pronounced effect. Generally they are likely to loosen the soil 
so much that the pea stubble must be rolled if a good seed bed for wheat 
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Fig. 8. 'a tch crops of soy bC'an s on wheat. stubhlt·. 
t ha11 o n -ha lf a to n fa mix ture of soybean s, g ra ss a nd weed s. ! ~n th plot s 
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T hese t s ts hav be n very conv in cin g f tl1 e va lue of s uccessful ca tch 
crops. W h n th e s tubb le was plowed a nd cli skecl th ere was a lways a r1ne 
thr if ty g rowt h of soybea ns, w hi ch reac hed th hay s tage (p lump pod s) in 
a111pl tim e to be fo ll ow cl by whea t. The acre-y ield was never less th an 
on Lo n o f c lea n hay, wor th as mu ch as a to n of a lfalfa. O n th e o ther 
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hand when 'the stubble was given no preparation except disking, the aver-
age yield was comparatively poor both i11 quantity and quality. 
Under conditions where plowing is not practicable, double disking and 
harrowing the grain stubble is to be recommended. The catch crop re-
sulting will always pay for the labor and other expense involved. 
A ton of clean soybean hay to the · acre between the two grain crops 
(wheat and wheat, or oats and wheat) will pay a good profit. And the 
land is nearly or quite ready for seeding wheat in the fall, when the catch 
crop is cut. In fact, if the preparation for both crops is considered, the 
only items which can . accurately be charged against the catch crop are 
the costs of the seed, sowing, and handling the hay. At present prices the 
total cost of production would be $6 or $8 an acre, and the value of the hay 
$15 to $18. 
A final point in favor of the catch crop, which .cannot be calculated in 
money, is its effect in controlling weeds. Weeds, like evil deeds, thrive 
best in idleness. When stubble land waits for fall plowing, or when it is 
plowed in the summer and stands idle until its preparation for fall seed-
ing, it nearly always becomes badly infested with weeds, the seeds of 
which are disseminate d over the whole farm. Heavy catch crops of cow-
peas or soybeans on the grain stubble, together with clean cui tivation of 
corn, will solve the weed problem on the cultivated land of the farm and 
will 1 esult in a higher production for the farm as a whole. 
SUMMARY 
1. Variety tests and experiments with various cultural practices for 
wheat are reported. 
2. The varieties of wheat found best adapted to Missouri are named 
as the following·: For Northern Missouri, Poole and Dietz; for Central 
Missouri, Michigan Wonder and Fulcaster; for Southern Missouri, Ful-
caster. All of these are varieties of soft red winter wheat. 
3. Methods for the production of good seed wheat are discussed. 
4. Wheat is shown to have yielded as well on soybean stubble with 
no soil preparation a.s on oats stubble with early plowing and thorough 
preparation. Disking and harrowing the soybean stubble had little effect 
on the yield of the following wheat crop, but rolling was rather beneficial. 
5. Early summer plowing is shown to have increased the yield of 
wheat under all conditions tested; the effect of the depth of plowing upon 
yield varied with the soil type. 
6. Varying the rate of seeding between three and ten pecks per acre 
is shown to have caused little variation in the yield; but five or six pecks 
to the acre is probably the safest average rate. 
7. Other cultural practices f.or wheat are discussed, and recommenda-
tions, based upon experience and observation, are made. 
8. Productive methods for catch crops of soybeans on grain stubble 
are discussed. 
